The incidence of colorectal carcinoma is still growing in the Czech Republic and also all around the world. With success of oncological treatment is also growing a number of potential patients with liver metastases, who can profit from surgical therapy. The aim of this study was to confirm on porcine models that this method by using new surgical device is effective and safe for patients who have to undergo liver resection. The primary hypothesis of the study was to evaluate whether this new device is able to consistently produce homo geneous and predictable areas of coagulation necrosis without the Pringle maneuver of vascular inflow occlusion. The secondary hypothesis of the study was to compare the standard linear radiofrequency device and a new semi-spherical bipolar device for liver ablation and resection in a hepatic porcine model.
Introduction
Radiofrequency (RF) energy is commonly used at present in the treatment of numerous medical disorders. Radiofrequency is high-frequency alternating electrical current which creates the desired clinical effect by passing through the tissue. As the current passes through, it heats the tissue around the active electrodes. Radiofrequency alternating electrical current has a frequency in the range from 300 KHz to 3 MHz (1, 2) .
Radiofrequency energy has been used in medicine for more than a hundred years. First, French physicist D'Arsonval described the effects of alternating current at a frequency of 250 KHz on biological tissue in Paris in 1891 (3) .
Primary and secondary liver tumours present a challenging problem in clinical oncology because of their very high morbidity and mortality. Patients with unresectable tumours (because of tumour extent or localization, inadequate hepatic reserve or high patient co-morbidity) may be candidates for local ablative techniques, chemoembolization, systemic or local chemotherapy (4) (5) (6) (7) (8) (9) . Of the available local ablative techniques, RF thermal ablation (RFA) has become the most frequently used and widespread (5) . Multiple trials have evaluated RFA for the treatment of unresectable primary and secondary liver tumours and proved that RFA can control hepatic malignancies with few associated complications (4, (6) (7) (8) (9) .
In 1990, McGahan and Rossi, two independent authors, published experiments on animal models using radiofrequency currents for the ablation of primary and metastatic liver tumours. These experiments in animal models proved the safety and efficiency of percutaneous RFA (10, 11) .
The role of RF energy in liver surgery has expanded in recent years from simple tumour ablation to its use in the technique of RF-assisted liver resection. In 2002, Habib's team used a specially modified bipolar RFA probe to manage a patient with gallbladder cancer who refused to have a blood transfusion (12) . This method can be used in open or minimally invasive surgery. The pioneer in using RF energy for liver resection is Professor Nagy Habib, which is why it's also called Habib's resection surgery (13) (14) (15) (16) (17) (18) (19) (20) (21) . The RF-assisted resection technique has been reported to be associated with minimal blood loss, low blood transfusion requirement, no need for intraoperative hepatic inflow occlusion techniques (such as Pringle's manoeuvre, dissection and clamping of the hepatic pedicle) and reasonable postoperative morbidity and mortality (16, (18) (19) (20) (21) . The most widely used instruments used for RF-assisted liver resection at present are the Habib TM 4X and Laparoscopic Habib TM 4X. Radiofrequency-induced coagulative necrosis offers very effective haemostasis and biliostasis of liver parenchyma (20, 22) . Based on data compiled by the National Center for Health Statistics between 1960 and 2004, the mortality rate due to liver cancer has been steadily increasing over the past two decades (23) . Hepatic resection is currently the standard treatment for liver cancer. Radiofrequency energy in the form of RFA or RF-assisted resection has become one of the standard methods for the treatment of primary and secondary liver malignancies in the last 10-15 years.
The present study assessed the feasibility and safety of liver resection a new semi-spherical bipolar radiofrequency device (RONJA). The primary hypothesis of the study was to evaluate whether this new device (Figures 1 and 2 ) is able to consistently produce homogeneous and predictable areas of coagulation necrosis without the Pringle maneuver of vascular inflow occlusion. The secondary hypothesis of the study was to compare the standard linear radiofrequency device and a new semi-spherical bipolar device for liver ablation and resection in a hepatic porcine model. We aim to confirm that this new method is effective and safe.
New Device
Our new proposed surgical device is specific with his arrangement, where the tool is formed by annular base plates with holes for guiding the electrode needles and two wings attached to the electrode assemblies and two lead wires for each electrode wing (Figures 3 and 4 ). Electrode needles are arranged in a square array, which are located on both sides of the edges of a regular 16-square radius. The shape and length of the electrode needles must be such that, after introduction into the tissue it forms a spherical shape in this tissue. Bipolar electrode needles are driven electrode in each wing separately and between the inner and outer semi-circle, with one pole ablation tools consist of one semicircle of needles. It may also other combinations excitation electrode needles of wings so that it always been sufficiently coagulated tissue for subsequent incision performed by surgeon.
Materials and Methods
In vivo testing was conducted on a set of 12 pigs (Sus scrofa domestica) randomly divided into two groups of 6 pigs. The whole experiment was made up of three parts. Before each phase all animals were weighed and underwent blood sampling for haematological and biochemical tests. During the first part the animals in both groups underwent middle laparotomy and radiofrequency-assisted liver resection under general anaesthesia. Pigs in group A underwent liver resection using the new testing tool RONJA and in the control B group pigs were operated on with a commonly used surgical multiple needles tool for radiofrequency liver ablation. The second part of the study followed 14 days after intervention and was focused on control laparoscopy. In the last part, after 30 days after the operation, all the pigs were euthanized and samples were pathologically evaluated. Our experimental project (no. 65/2012) was approved by the expert committee on animal welfare of the Veterinary and Pharmaceutical University Brno according to the law on the protection of animals against cruelty, as amended by §18, paragraph 6b), Act No. 246/1992 Coll. Then our experiment was approved by the Ministry of Education, Youth and Sport of the Czech Republic and was granted permission to carry out the experiment on September 7, 2012.
Phases of Testing
All phases of this experiment took place in the research operating theatre of the Faculty of Veterinary medicine of the Veterinary and Pharmaceutical University Brno. All surgical terms were performed in aseptic conditions according to a predetermined schedule and protocol. The surgical team was formed of pairs of surgeons from the surgical department of the University Hospital Ostrava as well as veterinary surgeons from the Veterinary and Pharmaceutical University Brno.
The First Phase
The surgical field and its surroundings were shaved before each surgical performance. The surgical field was made antiseptic by washing with iodopovidon (Betadine soap, Egis Pharmaceutical, Hungary, Europe), and chorhexidine (Nolvasan, Cymedica s.r.o., the Czech Republic, Europe) was applied to the surgical field. Anaesthesia was induced by intravenously given propofol (Norofol, Norbrook Lab. Ltd., North Ireland) (0.5-1 mg/kg) then anaesthesia was maintained by constant rate infusion of propofol (0.1 mg/ kg/min). During the operation hartmann solution (B. Braun, Germany) (10 ml/kg/h) was served to animals intravenously through a cannulated auricular vein. The operating field was protected by a drape, a single Foliodrape system for laparotomy-HARTMAN. Instrumentation AESCULAP B. Braun Medical was used to performing laparotomy. After preparing the surgical field it was penetrated into the abdominal cavity through upper middle laparotomy in the position of the animal on his back. Monopolar electrocoagulation electrosurgery EMED ES 350 with an output of 255 W was used to this performance. Laparotomy retractor was applied and surgeons performed the revision of the abdominal cavity 3.
Resection Procedure
For each animal two liver resections were always executedone from the right lateral lobe and one resection of the left lateral liver lobe. All resections were performed in thinner part of the liver. A commonly used device was employed as the radiofrequency power generator. Liver resection was always executed in the following mode-after mobilization of the liver lobe, first it was planned by a resection line marked on the liver surface using electrocoagulation. The semispherical device was applied on the liver parenchyma afterwards. We have implemented the first wing of the RF device and have proceeded by inserting the second wing, which together created a spherical pattern in liver parenchyma. The time measurement of ablation was associated with supply of radiofrequency energy.
The liver resection was carried out by radiofrequencyassisted resection technique without liver blood flow occlusion ( Figure 5 ). The main principle of this technique (radiofrequency ablation) is coagulation in the liver resection margin estimated using radiofrequency instruments with subsequent liver transection using a scalpel or surgical scissors ( Figures 6 and 7 ). Possibly bleeding from the resection line was treated with the radiofrequency instrument or electrocoagulation. Resected samples were fixed in 10% formalin solution, so that they could later be histopathologically examined for depth of necrosis of liver parenchyma. After checking and drying of the surgical field, the entire abdominal laparotomy was closed in layers-peritoneum and fascia technique "en masse" with 0 PDS continuous monofilament suture, subcutaneous tissue vicryls individual sutures and skin with non-absorbable monofilament fiber Ethilon 2/0 . Special antiseptic spray-Silver Aluminium Aerosol-bandage protection against contamination (Henry Schein, Inc., Germany) was applied on the surgical wound. Subsequently, the animals, under the control of the veterinary anaesthesiologist, were escorted from general anaesthesia and housed in standard breeding boxes with conventional terms and were also placed under veterinary supervision. Postoperatively, the animals were given intramuscularly amoxicillin (Betamox, Norbrook, Northern Ireland) (15 mg/kg) and meloxicam (Metacam, Boehringer Ingelheim, Germany) (0.4 mg/kg).
During the liver resection surgery of each animal the value of the total operating time and ablation time of lobes were measured and compared in both groups.
The Second Phase
Fourteen days after liver resection the second phase was executed. The main aim of the second phase of this experimental study was to determine the status of healing or postoperative complications in the abdominal cavity of each animal. For this purpose, a diagnostic laparoscopy of each pig was performed to assess the postoperative findings. AESCULAP (B. Braun Medical, s.r.o., the Czech Republic) laparoscopy instrumentation was used for surgery-humane version of the endoscopic video unit TELE PACK X and laparoscopic optic HOPKINS with an outer diameter of 5 mm and a length of 290 mm (KARL STORZ Endoscopy, Germany) insufflations device Smith & Nephew, laparoscopic set with Veres FlexTray needle and trocars, harmonic scalpel, harmonic pliers HARMONIC ACE (Ethicon Endo-Surgery, LLC and Johnson & Johnson company, USA). Overall, 12 diagnostic laparoscopies were performed. As expected, many adhesions were found in the abdominal cavity between resected part of liver and omentum, or abdominal wall, respectively.
There were no liver abscesses, biliary leak, subhepatic abscess, hematoma or signs of peritonitis in any animal of both groups.
The Third Phase
The last part of the testing was performed 30 days after the first operation. In this phase of our experimental study, autopsies of the 12 pigs were performed by a veterinary pathologist from the Institute of Pathological Morphology and Parasitology of the Veterinary and Pharmaceutical University Brno in the presence of a pathologist from the University Hospital Ostrava. Slaughtering was done by the protocol, lege artis. The animal carcasses were disposed of through a rendering service.
Nutritional status of the animals were described as good to very good according to body weight, clinical veterinary status and examination of blood sampling. In the linea alba they had a well healed suture without secretion. Only one pig, which had been injured in the transverse colon in the second phase, had in the subcutaneous space an abscess without caving into the abdominal cavity.
All animals were opened in the abdominal cavity then in the thoracic cavity, and then followed removal of the organs. In the abdominal cavity fibrous synechia was detected in parts of the resected liver lobes with peritoneum, some adhesions were found between the liver lobes and stomach, omentum or loops of jejunum. Resection margins in the liver lobes were mostly covered with fibrous tissue at the adhesions. Four female pigs had in their abdominal cavity a less serous effusion. The thoracic cavity in four pigs was without adhesions and effusions. The lungs of five pigs had pathological findings consisting of atelectatic bearings -acute inflammatory or chronic bronchopneumonia. Fibrinoid purulent pericardial effusion was observed in one of these pigs. Samples of the right and left hepatic lobe were collected in all pigs for histological examination. The tissue was fixed in 10% formalin solution.
For comparison and statistical evaluation data were collected including results of blood samples, the values recorded during surgery and postoperatively and also the histopathological evaluation. Throughout the experiment the weight of individual animals was recorded. Examination of blood sampling was carried out at the Department of Haematology at the Clinic of Immunology and cytology laboratories for small animals at the Veterinary and Pharmaceutical University Brno.
Results
The overall blood analysis showed no marked differences in the observed values before resection, on the 14 th day after surgery or the 30 th day.
The average total operating time (time from start of operation-intubation until the last stitch) in the groups of pigs operated on with the newly designed instrument, was 57.5 min, in contrast to the control group, where the average time was 69 min. Average ablation time (time was measured from the first burning liver resection until removal) was as follows: left lobe ablation time for the testing group was 8.83 min, 7.33 min right lobe. Left lobe ablation time in control group B was 11.67 min and the right lobe ablation time was 8.5 min. As seen from the average time the tested instrument RONJA has shorten ablation time in left lobe 2.84 min and 1.17 min in right lobe than generally using device. With newly designed instrument was also shorten operating time 11.5 min than with using standard device (see Table I ). Statistical analysis using the median test (p-value was computed Blood losses during the liver resections were less than 20 ml.
The power delivery of the radiofrequency energy generator was optimized during the surgical procedure. To gain more effective coagulation of liver tissue using new device the supply power was reduced to 80 W compared with the standard used device with the need to output of 90 W. In the postoperative period all animals had a weight gain. In the tested group A the weight gain was on average 5.83 kg and in the control group B 6.62 kg (Table I) .
Complications
During the liver ablation only one complication occurred. A spleen was deserozated in a pig in the tested group A. In this animal serous effusion of 250 ml was observed during pathomorphological evaluation. The cause of death was determined as animal circulatory failure due to respiratory insufficiency in the postoperative period in connection with probable mycoplasmal infections. The abdominal cavity after surgery was examined without pathological findings. Resected samples of the liver were loaded into 10% formalin solution and secured for further histological examination.
Histopathology
Histopathological evaluation was performed by pathologists from the Institute of Pathological Anatomy of the University Hospital Ostrava. Examination of thermal changes at the resection margin showed strong thermal alteration in both groups (Figure 8 ). The depth of thermal damage from the resection margin of resected samples exceeded 10 mm in all cases, with a median of 14 mm damage in the group of the newly designed instrument. The results are shown in Table II . With this method in areas without significant thermal alteration congested liver tissue dominates. In this tissue coagulated blood was rarely present in the central vein and also occasionally along the wall thermal alteration of the bile ducts, in one case with mild inflammatory cellulization.
The thermal alteration in samples of the control group B was mostly up to 10 mm. Similarly, thermal alteration of the bile duct was up to 10 mm, in only one case was thermal alteration of bile ducts in intact tissue observed. In preserved liver tissue significant congestion and periductal round cell infiltration was detected. To summarize, the depth of the thermal alteration was on average 4 mm larger in the cases of the newly tested instrument, dispersion of values was 12-17 mm. In the method of the control group the thermal alteration was up to 10 mm, also in intact tissue congestion, but to a lesser degree, and mild round cell cellulization periductal and perivasal. The autopsy material from the tested A group was formed by the depth of necrosis with a median of 14 mm and 13.5 mm. Furthermore we encountered a proliferation of bile ducts and vascular thickening in healthy hepatic tissue. The results are shown in Tables III and IV. In samples of the control B group disability necrosis was confirmed with a median depth of 13 mm and 14 mm in healthy tissue and also expansion and proliferation of bile ducts. Statistical analysis using the median test (p-value was computed by Fisher's exact test) did not show any significant differences between the groups (Table III) .
Statistical Analysis
Data are presented as mean  standard error of mean (S.E.M.) and median for continuous variables and as counts and (Tables V-VII) .
The statistical analysis definitely showed that there were not any differences between tested group A and standard group B. Thus, after statistical confirmation we can claim that we have suggested a new liver ablation device for resectable tumours in liver tissue which is comparable as far as its parameters with the standard device. In detected data we can see, that ablation and operation time was shorter with new device RONJA unlike the standard using device, but because there were small number of pigs in our experiment file, it was not confirmed by statistical analysis. 
Discussion
This experimental study proved the feasibility and safety of the newly developed semi-spherical bipolar device for liver ablation and resection. No statistically significant differences were observed between the new tested device compared to the generally used device. The overall blood analysis showed no marked differences in the observed values before resection, on the 14 th day after surgery or the 30 th day. By our point of view, the ablation and operating time was shorter when using the RONJA device but the difference was not statistically significant. The reason may be due to the low number of The tested RF-assisted device was shown to address parenchymal division and hemostasis simultaneously, with lower blood loss and faster transection time than saline-linked technology in that pig model (25) . Solazzo et al. (2007) used a porcine model with the aim of prospectively maximizing the extent of created tissue coagulation by using a highpower (1000 W, 4000 mA) RF generator to optimize pulsing algorithms (26) .
We have found out that the advantage of our new designed tool is in shortening operating time as well as saving healthy liver parenchyma in comparison with commonly used multiple needles linear devices. This linear device has four long needles ordered to form a rectangle, which destroys tissue in depth. The semi-spherical conformation of the device allows removal of necessary liver tissue only apart from common used linear tools. Time shortening is the consequence of reducing number of steps of coagulation, because new designed device coagulates in both wings. It means that if the deposit is up to 20 mm, there are only a few steps necessary to coagulate the whole deposit apart from the linear device. This device was designed to be compatible with generally used power generators, so it does not increase the need of additional technical equipment. We should also mention disadvantages, in comparison with commonly used linear tools, arising from the specific layout of needles. The device is designated only for the surface and subsurface liver tumours or metastases with the size up to 20 mm, which limits practical application.
Conclusion
We have developed a new semi-spherical bipolar radiofrequency device that adequately coagulates the hepatic resection plane in a porcine model. Our prototype system was able to coagulate the semi-spherical contour of liver parenchyma in the thinner part with successful coagulation of all blood vessels. This device shows promise in the effort to reduce healthy tissue liver parenchyma resection during liver surgery in a porcine model. Performing resection of liver parenchyma using the new semi-spherical device we confirmed this new method is effective and safe.
Future animal and clinical studies will need to evaluate semispherical liver RF resection with respect to the local recurrence of hepatic tumours.
Practical Application
The method described in this study could be used in open liver surgery without inflow occlusion for the treatment of small liver malignancies in a single application with the aim to save normal liver parenchyma. Further experimental studies are needed to confirm these results before clinical application of the method in the treatment of human liver malignancies.
